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by 
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Summary 
The paper describes a test program on welded stainless steel X- and K-joints fabricated 
from circular hollow section brace members and chords. The X-joints were tested in 
compression and tension using three different ratios of brace diameter to chord diameter. 
The K-joints were tested using three different ratios of brace diameter to chord diameter 
-and three different angles between chord and brace members. A total of 15 tests were 
performed. 
Design rules are proposed for X- and K-joints by adopting the rules of the CIDECT 
Recommendations for carbon steel tubular structures and replacing the yield stress in 
these recommendations by a proof stress. It is shown that both the 0.2 % and 0.5 % proof 
stresses, as determined from the finished tube, can be used to determine the ultimate 
strength using the CIDECT strength rules. 
For K-joints, the serviceability limit state corresponding to joint deformations of 1 % 
of the chord diameter will not be exceeded if the CIDECT strength rules are adopted. 
However, for less than full width X-joints, the deformations are likely to reach about 1. 7 % 
and 1.9 % of the chord diameter if the design strength is based on the 0.2 % and 0.5 % 
proof stresses respectively. 
Senior Lecturer, School of Civil and Mining Engineering, 
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A general introduction to the design of stainless steel tubular joints and their use in 
practice is given in Rasmussen & Young (1994). The reference concerns joints in square 
hollow sections whereas the present paper describes tests of joints in circular hollow sec-
tions (CHS). 
The design guidelines proposed in this paper adopt existing guidelines for carbon steel 
tubes, as summarised in the CIDECT Recommendations (CIDECT 1991). The CIDECT 
Recommendations were based on extensive research in Europe, North America and Japan, 
most of which is described in CIDECT (1986, 1991), Wardenier (1982), Packer & Hen-
derson (1992), and Kurobane et al. (1980, 1984). The CIDECT design guidelines were 
adopted in the International Institute of Welding document 'Design recommendations for 
hollow section joints - Predominantly statically loaded' (IIW 1989) and in Eurocode3 
(1992). 
In adopting the CIDECT design guidelines to stainless steel joints, the yield stress is 
replaced by an appropriate proof stress. The paper compares test strength with design 
strengths based on the 0.2% and 0.5% proof stresses. The proof stresses are based on the 
properties of the finished tube, rather than the annealed properties, to incorporate the 
substantial enhancement of strength produced by the cold-forming process. The effect of 
cold-forming is much more pronounced for stainless steel than for cabon steel because of 
the superior strain-hardening characteristic of stainless steel. 
The paper also describes the behaviour of joints in CHS through load-deflection and 
load-strain diagrams. The latter is used to demonstrate the load transfer through X-
joints. Particular attention is paid to deformations of the joints and to whether these are 
likely to exceed acceptable limits under service loads. Generally, deformations of stainless 
steel joints can be expected to exceed those of carbon steel joints as a result of the low 
proportionality stress of stainless steel and the associated loss of stiffness. 
2 Tests of X-joints 
2.1 Objective 
The aim of the X-joint tests was to investigate the dependence of the strength on the 
ratio ({3) of brace (or web) diameter to chord diameter. The influence of direction of 
loading was also investigated by testing the joints in tension and in compression. The 
load transfer through the joint was investigated using strain-gauges. 
2.2 Material 
The tests were performed on CHS tubes of austenitic stainless steel type 304L, having a 
Nickel content between 8 and 13 %, a Chromium content between 18 and 20 %, and a 
maximum Carbon content of 0.035 %. The tubes were cold-rolled from annealed coils of 
strip. 
In all tests, the chord consisted of a nominal101.6x2.85 mm CHS. The chord members 
were cut from the same length of tube and so could be expected to have the same material 
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properties. A longitudinal tension coupon was cut from the tube at a quarter of the 
circumference away from the seam weld. 
Test series -';(G,;;:~ .. o~a),----.::.(J'""o.c::.2--,(r.~i~",.~")----,(J'-,,u,----,t;,;%;.,.)-
X-joints 
K-joints 
202 405 430 630 58 
190 395. 430 640 58 
Table 1: Material properties 
The tensile stress-strain curve is shown in Fig. 1, from which the static 0.2 % and 0.5 % 
proof stresses were obtained as 0'0.2 = 405 MPa and 0'0.5 = 430 MPa respectively. The 
tensile strength (0',,) and the initial Young's Modulus (Eo) were obtained as 630 MPa 
and 202 GPa respectively, and the proportionality stress was estimated at 250 MPa. The 
elongation after fracture (0:,,) was measured as 58 %, indicating a very ductile material. 
The mechanical properties are summarised in Table 1. 
The brace members consisted of nominal 42.2x3.40 mm, 76.2x2.85 mm, and 
101.6x2.85 mm CHS, of which the latter were cut from the same length of tube as the 
chord members. The properties of the 42.2 x 3.40 and 76.2 x 2.85 CHS brace members were 
not measured because the stress-strain curves of these sections are nearly the same as that 
of the 101.6x2.85 CHS (CASE 1990), although slightly higher. Furthermore, in the tests 
involving 42.2x3.40 and 76.2x2.85 CHS brace members, failure occurred by plastification 
of the chord, rather than failure of the brace members. 
800,-----------------------, 
1.6 
Figure 1: Tensile stress-strain curves 
2.3 Specimen fabrication 
The tests comprised six specimens with brace members fully welded at right angles to the 
continuous chord. The brace member diameters were 42.2, 76.2 and 101.6 mm, providing 
ratios (,8) of brace diameter to chord diameter of 0.42, 0.75 and 1.0 respectively. 
The measured cross-section dimensions are shown in Table 2 using the nomenclature 
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Specimen Chord Brace 
do to d1 tl (3 tw 
(mm) (mm) 
XC42C 102.2 2.87 42.7 3.47 0.418 6 
XC76C 102.2 2.86 76.6 3.47 0.750 8 
XC101C 101.9 2.85 102.1 2.89 1.0 
XC42T 101.9 2.87 42.7 3.47 0.419 8 
XC76T 102.0 2.86 76.7 3.47 0.752 8 
XC101T 102.2 2.85 101.9 2.89 1.0 
Table 2: Measured specimen dimensions, X-joints. 
Figure 2: Definition of symbols, X-joints 
defined in Fig. 2. The width of the weld (tw) is the average of four measurements taken 
at the troughs/crests of the welds, as shown in Fig. 2. For each value of (3, one test was 
performed by applying compression to the brace members and one by applying tension. 
The last letter of the specimen label signifies whether the brace members were loaded in 
compression (C) or tension (T). 
The length of the chord and brace members were 600 and 260 mm respectively, where 
the brace member length was measured from the top of the chord to the supported end. 
The chords were unloaded and free to deform at the ends. In all specimens, the seam 
weld of the chord was positioned at a quarter of the circumference away from the top of 
the chord, as shown in Fig. 2. Thus, the material properties shown in Table 1 were those 
pertaining to the material near the top of the chord, which was the zone most significantly 
undergoing plastic straining. Consequently, this configuration should produce the lowest 
test strengths. 
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The brace members were shaped to fit the chords by boring a 101.6 diameter fly-cutter 
through them. The fillet welds were laid using Manual Metal-Arc Welding. The elec-
trodes were 3.25 mm type E308L-16 with nominal 0.2 % proof stress, tensile strength and 
elongation of 400 MPa, 610 MPa and 40 % respectively. The electrode is described in 
detail in the AWS A5.4 Specification (AWS 1992). Three runs of weld were used in the 
preparation of the specimens to avoid fracture of the weld. This produced larger weld 
sizes than what is likely to be used in fabrication practice. 
Heavy plates were welded to the ends of the brace members of those specimens loaded in 
tension to allow even transfer of the load, as shown in Fig. 3a. However, the ends of the 
brace members of the joints loaded in compression were milled flat to within 0.005 mm 
to allow full contact between specimen and end platens of the testing machine. 
2.4 Test procedure 
In the tension tests, the load (Nd was applied via pins to ensure concentric load transfer 
to the joint, as shown in Fig. 3a. The pins were fitted through the heavy end-plates 
welded to the brace members. In the compression tests, one brace was supported on a 
fixed end platen while the other was supported on an end platen mounted on a spherical 
seat, as shown in Fig. 3b. 
I. 600mm .1 600mm .1 
(a) (b) 
Figure 3: Test configurations, X-joints 
Deflections were measured at the top and bottom of the chord. Four transducers were 
mounted on either side of the brace members to measure vertical deflections, as shown 
in Fig. 4, and the average of these readings was used as the deflection (u). Readings 
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were also taken of the horizontal deflections (v) of the chord, as shown in Fig. 4. Three 
transducers were mounted on either side of the chord in the vicinity of the brace member 
connections to provide a profile of the horizontal deflection (v), as shown in Fig. 4. The 
transducers measuring horizontal deflections (v) registered on small vertical plates glued 
to the sides of the chord. This ensured that the measured deflections were unaffected by 
overall vertical displacements of the chord during loading. 
~ 
lOlmm 
Figure 4: Deformations of X-joints 
The tests were controlled by incrementing the stroke extension. This allowed the loading 
to be continued after reaching the ultimate load. Readings of the applied load (Nd and 
the transducers were taken approximately one minute after applying an increment of 
stroke extension, thereby allowing the stress relaxation associated with plastic straining 
to take place and hence the load to stabilise. 
2.5 Test strengths and failure modes 
The maximum load applied to the brace members is shown as N1u in Table 3. Figures 5 
and 6 show load (NI) versus u and v curves respectively. The deflection (v) was the max-
imum horizontal deflection, measured at the centre of the joint. Profiles of the horizontal 
deflections (v) are shown in Appendix A of Rasmussen & Hasham (1994). 
As shown in Figs 5 and 6, failure of the specimens with 42.2x3.40 and 76.2x2.85 CHS 
brace members was associated with large deformations of the chord, whereas the defor-
mations of the full·width joints were small at ultimate. The dashed vertical lines marked 
at ±1.0mm correspond to deformations of 1% of the chord diameter (do). The load at 
which the measured deformation (max{ u, v}) equalled 1 % of the chord diameter is shown 
as Nls in Table 3. 
The ultimate loads of specimens XC42C and XC76C shown in Table 3 are the first peak 
loads. In both tests, the load was only slightly higher than the first peak load when the 
tests were terminated at gross deformations. Specimen XC42T failed by fracture of the 
fillet weld, whereas specimens XC76T and XC101 T failed by fracture of the seam weld of 
the chord. 
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Specimen Test Design Ultimate Serviceability 
strengths strengths limit state limit state 
N1u Nt. Nluo.:J N itTo .s ~ ~ ~ ~ N V:TO.2 N iva .s N 1 o-O. 2 /1.5 N 1CTO• 5 /1.5 
(kN) (kN) 
XC42C 35.2T 14.5 31.3 33.3 1.13 1.06 0.70 0.65 
XC76C 60.21 30.9 63.6 67.5 0.95 0.89 0.73 0.69 
XC101C 152 122 99.6 106 1.53 1.43 1.84 1.73 
XC42T 90.2 20.1 31.4 33.3 2.87 2.71 0.96 0.91 
XC76T 196 42.3 63.8 67.8 3.07 2.89 1.00 0.94 
XC101T 302 180 99.6 106 3.03 2.85 2.71 2.55 
FIrSt peak load 
Table 3: Limit state loads, X-joints. 
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2.6 Load transfer through XC76 joints 
Specimens XC76C and XC76T were equipped with strain gauge rosettes at three positions 
along the chord centreline, as shown in Fig. 7. The gauges were spaced half the brace 




Figure 7: Strain gauge positions 
The normal strains in the horizontal (C.,) and vertical (cy ) directions and the shear 
strain ('.,y) were deduced from readings of the rosettes. Subsequently, the membrane (Cm) 
and bending (cb) strains were calculated as {co + ci)/2 and {co - ci)/2 respectively, where 
Co and Ci are strains measured on the outside and inside of the tube respectively. 
The membrane and bending strains of specimen XC76C are shown in Figs 8a and 8b. The 
strains are assumed to be positive as tensile. The strain readings are not complete because 
several gauges were damaged during attachment, particularly those on the inside of the 
tube. As shown in Fig. 8a, the membrane strain (Cmy) is greater at x = dI/2 than at the 
centre (x = 0) and hence the main load transfer occurs away from the centre of the joint. 
In fact, the measured strain (cmy) is tensile at the centreline. The shear strain (,m.,y) 
is negligible at the centreline in the initial part of the test, as should be expected from 
symmetry. 
The membrane and bending strains of specimen XC76T are shown in Figs 9a and 9b. In 
this case, the membrane strain (Cmy) is greatest at the centre of the joint, and hence the 
main load transfer occurs in this region. The membrane and bending strains are small 
at a distance of one diameter (x = dd from the centre. The membrane strain (cmy) 
is initially in compression at x = dI/2 but becomes tensile at large deformations. The 
horizontal membrane strain (cm.,) is tensile at the centre and compressive at x = d1/2, and 
is comparable with the vertical membrane strain (cmy) in magnitude. This rapid variation 
in strain (cm.,) is associated with large shear strains (,m.,y). The bending strains confirm 
that the tube deformed inward during loading. 
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Figure 5: Nl versus u curves, X-joints 
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(b) Bending Strains 
Figure 9: Membrane and bending strains of specimen XC76T 
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3 Tests of K-joints 
3.1 Objective 
The aim of the tests was to investigate the dependence of the joint strength on a) the 
ratio ((3) of brace diameter to chord diameter, and b) the angle (0) between chord and 
brace members. 
3.2 Material 
The tests were performed on CHS tubes of austenitic stainless steel type 304L cold-rolled 
from annealed coils of strip. This was the same material as that used for the X-joints. 
In all tests, the chord consisted of a nominal101.6x2.85 mm CHS. The chord members 
were selected from the same batch and so could be expected to have nearly the same 
material properties. A longitudinal coupon was cut from the tube at a quarter of the 
circumference away from the seam weld. The measured tensile stress-strain curve is 
shown in Fig. 1. The static 0.2 % and 0.5 % tensile proof stresses and the tensile strength 
are summarised in Table 1, as are the elongation after fracture and the initial Young's 
Modulus. The proportionality stress was estimated at 250 MPa. 
The properties of the brace members (48.8 x 2.65 mm and 76.2 x 2.85 mm CHS) were not 
measured for reasons explained under X-joints. 
3.3 Specimen fabrication 
The joints consisted of nominal 48.8x2.65 mm, 76.2x2.85mm and 101.6x2.85 mm CHS 
brace members welded to 101.6x2.85 mm CHS chords, thus providing ratios ((3) of brace to 
chord diameter of 0.48, 0.75 and 1.0 respectively. For each value of (3, the brace members 
were connected at angles (0) of 30°, 45° and 60° so that nine tests were performed in 
total. The measured cross-section dimensions are shown in Table 4 using the nomenclature 
defined in Fig. 10. 
The joints were designed such that the centreline of the brace and chord members inter-
sected at the same point. However, specimens KC48-60, KC76-45 and KC101-30 included 
nominal eccentricities (e) in order to comply with the CmECT Recommendations (1991) 
for the minimum gap and overlap sizes. The eccentricity was assumed to be positive when 
the intersection of the brace member centrelines. was away from the top of the chord, as 
shown in Fig. 10. The gap (g) was measured as the distance between the toes of the 
brace members, as shown in Fig. 10· and was assumed to be negative for overlap joints. 
The measured gap and eccentricities are also shown in Table 4. The overlap joints were 
designed such that the overlapping brace was that loaded in tension. 
In all tests, the seam weld of the chord was positioned at a quarter of the circumference 
away from the top of the chord, as shown in Fig. 10. Thus, the material properties shown 
in Table 1 were those pertaining to the material near th~ top of the chord, which was the 
zone most significantly undergoing plastic straining. This configuration should produce 
the lowest joint strengths. 
The fillet welds connecting chord and brace members were designed according to the AWS 
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Specimen Chord Brace 
do to d1,2 tl,2 Ih 82 (3 9 e tw 
(mm) (mm) 
KC48-30 101.5 2.80 48.0 2.92 29.2° 30.0° 0.47 87 2 7 
KC48-45 103.0 2.84 48.2 2.92 44.0° 44.5° 0.47 29 -11 6 
KC48-60 102.0 2.79 48.0 2.89 61.8° 62.0° 0.47 5 2 6 
KC76-30 101.0 2.79 72.3 2.94 29.5° 30.0° 0.72 24 -3 6 
KC76-45 100.8 2.84 72.8 3.04 43.5° 45.7° 0.72 -19 -8 7 
KC76-60 101.3 2.85 72.5 3.05 62.0° 60.0° 0.72 -28 12 7 
KC101-30 101.3 2.80 101.3 2.80 28.2° 29.1° 1.0 -26 -4 
KC101-45 102.0 2.86 101.8 2.83 43.6° 44.1° 1.0 -42 2 
KC101-60 101.8 2.86 101.8 2.83 58.2° 59.8° 1.0 -58 -5 
Table 4: Measured specimen dimensions, K-joints. 
~[d) d) [}1 
Figure 10: Definition of symbols, K-joints 
Dl.l Specification (AWS 1990) and laid using the same electrode as that for the X-joints. 
Only one run of weld was used along each fillet. 
3.4 Test procedure 
The specimens were tested in a reaction frame that allowed concentric forces in the chord 
and brace members to be applied by a single actuator, as shown in Fig. 10 of Rasmussen & 
Young (1994). The jack bore on the compressive brace and applied a force (Nd to this 
member such that the equilibrating compressive force in the chord was 2 Nl cos e. The 
chord was unloaded at the unsupported end. 
The tests were controlled by incrementing the stroke extension. Readings of the applied 
load (Nd and transducers were taken approximately one minute after applying an incre-
ment of stroke extension to allow the load to stabilise. The instrumentation consisted of 
transducers measuring deflections at the top (u) and the sides (v) ofthe chord, as shown 
in Fig. 11. Five transducers were mounted along each chord sidewall in the vicinity of the 
brace member connections to provide a profile of the sidewall deflection (v). 
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Figure 11: Deformations of K-joints. 
3.5 Test strengths and failure modes 
The maximum load applied to the compressive brace member is shown as N1" in Table 5. 
The ultimate loads of specimens KC48-45 and KC76-60 are the first peak loads. In both 
tests, the load was only slightly higher than the first peak load when the tests were 
terminated at gross deformations. 
Specimen Test Design Ultimate Serviceability 
strengths strengths limit state limit state 
N1u Nh N1ao .2 N 1ao .'6 ~ ~ ~ ~ N 1uO . 2 N ItTO •5 N 1ao .2 /1.5 N IeTO •S /1.5 
(kN) (kN) 
KC48-30 110 - 74.1 80.0 1.48 1.38 - -
KC48-45 84.8 t 81.3 55.4 58.7 1.53 1.44 2.20 2.08 
KC48-60 107 104 60.7 65.3 1.76 1.64 2.57 2.39 
KC76-30 172 143 104 112 1.65 1.54 2.06 1.92 
KC76-45 176 151 129 139 1.36 1.27 1.76 1.63 
KC76-60 175t 173 104 112 1.68 1.56 2.50 2.32 
KC101-30 (214)1 - 245 264 (0.87) (0.81) - -
KC101-45 235 192 175 188 1.34 1.25 1.65 1.53 
KC101-60 237 154 142 152 1.67 1.56 1.63 1.52 
Average 1.56 1.46 2.05 1.91 
Standard deviation 0.16 0.14 0.39 0.37 
FIrSt peak load 
Lower bound of joint strength 
Table 5: Limit state loads, K-joints. 
The gap joints failed by plastification of the chord with barely noticeable deformations of 
the brace members. However, the ultimate load of specimen KC48-60 was triggered by 
weld fracture at the toe of the tensile brace. 
The overlap joints also failed by plastification of the chord. In this case, the brace members 
were plastically deformed, particularly those of the full-width joints. However, specimen 
C101-30 failed by overall flexural buckling of the chord rather than failure of the joint. 
Thus, the value of N1u shown in Table 5 is a lower bound for the joint strength 6f this 
specimen. 
Figures 12 and 13 show graphs of the load Nl versus deflections u and v respectively. The 
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Figure 12: Nl versus u curves, K-joints 
Figure 13: Nl versus'll curves, K-joints 
deflection'll was assumed to be positive outward and was chosen from the five transducer 
readings as the deflection which attained the largest values, This was generally near 
the compressiv:e brace, although the' inward deflections at the'tensile brace of specimen 
KC48-60 exceeded the outward deflections and hence the maximum (negative) inward 
deflection is plotted for this specimen, as shown in Fig. 13. Profiles of the chord sidewall 
deflections are shown in Appendix B of Rasmussen & Hasham (1994) based on readings 
of the five sets of transducers fitted along the chord. In all tests, the deformation of the 
chord (max{ u, 'V}) was less than 4 % of the diameter at ultimate, as shown in Figs 12 
and 13. 
The dashed vertical lines marked at ±1.0mm in Figs 12 and 13 correspond to deformations 
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of 1 % of the chord diameter. The load, at which this deformation (max{ u, v}) occurred, 
is shown as N18 in Table 5. 
4 Design guidelines 
4.1 General 
In the absence of a distinct yield stress of stainless steel, the approach adopted in the 
ASCE Specification (1990) for the Design of Cold-formed Stainless Steel Structural Mem-
bers is to use strength equations derived from those for carbon steel cold-formed members 
and to replace the material constants for carbon steel by their equivalents for stainless 
steel. The same approach is extended to welded joints in the present paper by adopting 
the CIDECT (1991) strength equations, which are also included in Annex K of Eurocode3 
(1992), and replacing the yield stress by a proof stress'in these equations. The proof stress 
shall be one obtained from the finished tube as mentioned in the introduction. 
The design strengths given in CIDECT (1991) include resistance factors,' (denoted by cI> 
in LRFD-terminology), and so are the product of the nominal strength and the resistance 
factor. Conversely, the strengths given in Appendix K of Eurocode3 are nominal strengths. 
The strength equations of Appendix K are the same as those in CIDECT (1991) except 
that they have been multiplied by 1/cI>. Hence, Eurocode3 provides the same design 
strengths as the CIDECT Recommendations when the nominal strength is multiplied by . 
the resistance factor. The resistance factor specified in Annex K of Eurocode3 is 1/1.1. 
4.2 CIDECT recommendations for X-joints 
According to the CIDECT Recommendations (1991), the design strength of X-joints with 
brace members connected at right angles to the chord shall be determined as the minimum 
of, 
2 [ 5.2 ] (') Nl = fyo to 1 _ 0.81,6 f n (1) 
and 
(2) 
where fyo is the yield stress of the chord and f(n') is a function of the preload in the 
chord, given by 
f(n') 
n' 





It should be noticed that the design equations are independent of the yield stress and the 
thickness of the brace members. In eqn. (4), Nop is the compressive preload of the chord 
such that n' = 0 and hence f( n') = 1 for the X-joint tests. Equations (1) and (2) check for 
plastification of the chord and punching shear respectively. The geometries tested were 
such that eqn. (1) always governed. 
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It is proposed to adopt eqns (1,2) for the design of stainless steel X-joints by substituting 
appropriate proof stresses for the yield stresses (fyo). The design strengths resulting from 
this approach using the measured 0.2 % and 0.5 % proof stresses are shown in Table 3 as 
NltTO •2 and N1uo.s respectively. 
4.3 Comparison of design strength with test strength, X-joints 
Ultimate limit state 
The ratios (N1",/ N1uo ... N1",/ N1uo.s) oftest strength to design strengths based on the 0.2 % 
and 0.5 % proof stresses are shown in Table 3. For both proof stresses, these ratios 
are greater than unity for all tests except one, indicating that the design strengths are 
generally conservative. For specimen XC76C, the design strength is 5 % and 11 % lower 
than the test strength when based on the 0.2 % and 0.5 % proof stresses respectively. 
Serviceability limit state 
It was proposed in CIDECT Monograph No.6 (CIDECT 1986) that joint deformations 
under service loads should be limited to 1 % of the chord diameter (do). The load at which 
the measured deflection (max{ u, v}) equalled 1 % of the chord diameter is shown as Nls 
in Table 3. The load (Nls) may be compared with serviceability design loads determined 
by dividing the joint strengths N1uo.2 and N1uo.s by 1.5. (The value of 1.5 is consistent 
with the CIDECT Recommendation (1991) of using a safety factor of 1.5 on the design 
strength in allowable stress design). The ratios (Nls/(Nluo.2/1.5), Nls/(N1uo .• /1.5)) ofthe 
test serviceability load to design serviceability load based on the 0.2 % and 0.5 % proof 
stresses are shown in Table 3. It appears that the deformations of specimens XC42C, 
XC76C and XC42T are likely to exceed 1 % of the chord diameter under service loads 
if the design strength is based on the 0.2 % proof stress. If the design strength is based 
on the 0.5 % proof stress, then specimen XC76T is also likely to exceed the deformation 
limit under service loads. 
The deformations of the joints at the serviceability limit load N1uo.2/1.5 have been deter-
mined as 1.7 %, 1.6% and 1.1% for specimens XC42C, XC76C and XC42T respectively. 
Thus, if the design strength is based on the 0.2 % proof stress, then deformations should 
be anticipated of the order of 1. 7 % of the chord diameter. Similarly, the deformations at 
the serviceability limit load N1uo .• /1.5 have been determined as 1.9 %, 1.9 %, 1.1 % and 
1.1 % for specimens XC42C, XC76C, XC42T and XC76T respectively, and so if the design 
strength is based on the 0.5 % proof stress, then deformations should be anticipated of 
the order of 1.9 % of the chord diameter. 
Alternatively, if the deformation limit of 1 % of the chord diameter has to be adhered to, 
then the ultimate design strength should be reduced by approximately 30 % to ensure that 
deformations do not exceed the deformation limit under service loads. This conclusion 
applies only to less than full width joints. 
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4.4 CIDECT recommendations for K-joints 
According to the CIDECT Recommendations (1991), the strength of CHS K-joints with 
equal size brace members shall be determined as the minimum of, 
fyo t~ ( d1 ) f( ') f( ') Nl = sinll 1.8 + 10.2 do "g n (5) 
and 
(6) 
where fen') is defined in eqn. (3) and f("g') is a function of , = do/(2to) and the 
nondimensional gap (or overlap) g' = g/to. The function f("g') is defined as, 
, 0.2 ( 0.024,1.2) f(g ,,) =, 1 + exp[0.5g' _ 1.33] + 1 (7) 
It should be noticed that the design equations are independent of the yield stress and the 
thickness ofthe brace members. Equations (5) and (6) check for plastification of the chord 
and punching shear respectively. The geometries tested were such that eqn. (5) always 
governed. In the tests, the compressive preload of the chord was zero so that fen') = 1 
for all specimens. 
It is proposed to adopt eqns (5,6) for the design of stainless steel CHS K-joints by substi-
tuting appropriate proof stresses for the yield stress (fyo). The design strengths resulting 
from this approach using the 0.2 % and 0.5 % proof stresses are shown as N1uo.2 and N1uo.5 
respectively in Table 5. 
4.5 Comparison of design strength with test strength, K-joints 
Ultimate limit state 
The ratios of test strength to design strength based on the 0.2 % and 0.5 % proof stresses 
are shown in Table 5 as N1u/ N1uo.2 and N1u/ N1uo.5 respectively. For both proof stresses, 
these ratios are greater than unity for all tests, indicating conservative design strengths. 
The design strengths of stainless steel and carbon steel gap K-joints can be compared by 
. calculating the ratios of test strength to mean strength (N1m ) for the two types of joints. 
The design strength equation (5) was derived by multiplying the mean strength equation 
obtained from tests of carbon steel K-joints by two factors: a factor of 0.86 to account 
for various statistical variabilities and a resistance factor of 1/1.1. The mean values of 
N1u/ N1uo.2 and N1u/ N1uo.5 are 1.61 and 1.50 respectively for the gap joints, (not shown in 
Table 5). This translates to mean strength values (N1u/N1m ) of 1.61xO.86x(1/1.1)=1.26 
and 1.50xO.86x(1/1.1)=1.17 respectively. Thus, on average, the N1u/N1m-ratio of stain-
less steel K-joints is 26 % and 17 % higher than that for carbon steel K-joints when based 
on the 0.2 % and 0.5 % proof stresses respectively. It follows that the design strengths 
of stainless steel K-joints are more conservative than those of carbon steel K-joints when 
based on the 0.2 % and 0.5 % proof stresses. 
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Serviceability limit state 
The load at which the measured deflection (max{ u, v} ) equalled 1 % of the chord diameter 
is shown as Nls in Table 5. (A value of Nis was not obtained for specimen KC101-
30 because the specimen buckled flexurally before substantial chord deformations (u, v) 
developed). 
The ratios (NIs/(NluO.2/1.5) , Nls/(Nluo.s/1.5)) of test to design serviceability load based 
on the 0.2 % and 0.5 % proof stresses are shown in Table 5. For both proof stresses, these 
ratios are greater than unity for all tests, and hence the serviceability limit state will not 
be reached if the ultimate strength is calculated as either N1uo.2 or N1uo.s' 
5 Conclusions 
A test program on X- and K-joints of stainless steel CHS has been presented, consisting 
of circular brace members welded to circular chords. Several parameters were varied in 
the tests: In the X-joint tests, the brace to chord diameter ratio and the direction of 
loading were varied, while in the K-joint tests, the brace to chord diameter ratio and the 
angle between the brace and chord members were varied. The paper includes ultimate 
strengths and complete load deflection graphs for all tests, and describes the load transfer 
through CHS X-joints. 
It is shown that X- and K-joints in stainless steel CHS can be designed using the CIDECT 
Recommendations (1991) for carbon steel joints by replacing the yield stress by a proof 
stress,which can be either the 0.2 % or the 0.5 % proof stress. The proof stress shall be 
based on the properties of the finished tube rather than the annealed properties. This 
procedure was shown to produce conservative design strengths in all but one test. 
For the K-joints, it was shown that the serviceability limit state would not be reached if 
the design strength was based on the 0.2 % or the 0.5 % proof stress. Hence, it would not 
be necessary to check deformations under service loads in designing K-joints. However, 
the deformations of the less than full width X-joints exceeded the deformation limit of 
1 % of the chord diameter at the serviceability limit state load. The tests showed that the 
deformations are likely to ream 1. 7 % and 1.9 % of the chord diameter under service loads 
if the ultimate design strength is based on the 0.2 % and 0.5 % proof stresses respectively. 
If the deformation limit of 1 % of the chord width is to be adhered to, then the ultimate 
design strength shall be reduced by approximately 30 % for less than full width X-joints. 
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8 Appendix II: Notation 
Ao Area of chord 
do External diameter of chord 













N Itro .2 




















Initial Young's modulus 
Function accounting for influence of chord preloads 
Function accounting for influence of 'Y arid g' 
Yield stress of chord 
Gap between toes of brace members 
Nondimensional gap, g' = g/to 
Nondimensional chord preload 
Preload of chord' 
Force in brace member 
Force at which max{ u, v} exceeds 1 % of do 
Ultimate test strength 
Design strength based on 0-0.2 
Design strength based on 0-0.5 
Width of weld 
Thickness of chord 
Thickness of brace 
Indentation of brace into chord 
Chord sidewall deflection 
Coordinates, x is aligned with chord centreline 
Ratio of brace diameter to chord diameter 
Slenderness of chord, 'Y = do/( 2to) 
Shear strain 
Membrane/bimding strain 
Stain measured on inside/outside of chord 
Normal strain measured in x / y-direction 
Tensile strain after fracture 
Angle between brace and chord 
Static 0.2 % tensile proof stress 
Static 0.5 % tensile proof stress 
Ultimate tensile strength 
Resistance factor 
